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Abstract 

PROBLEM TO BE SOLVED: To provide a field emission type cold cathode apparatus having an even 
field emission property and high field emission efficiency and capable of being driven at low voltage. 
SOLUTION: This field emission type cold cathode apparatus comprises a supporting substrate 12 and a 
plurality of emitters 14 formed on the supporting substrate 12 to emit electrons. Each emitter 14 is 
constituted of a plurality of carbon tubes 16 basically made of strings of 6-member carbon rings. Not 
than 70% of the total carbon tube 16 has 30nm or smaller diameter. The aspect ratio, which is the ratio 
of the height to the bottom part diameter, of the carbon tubes 16 composing the emitters 14 is set to be 
not less than 3 and not higher than 1 * 10<6> , preferably not less than 3 and not higher than 1x 10<3> . 
The cycle of the 3-member carbon rings of the carbon tubes 16 is 0.426nm or 0.738nm or integer times 
as long as these values. 
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teitg 3 0 nma"Fi:'*"«i:£*«T*S. 7°a-fe 

o. ^ES;$ti^*-#>^y5 L 3.-^©» 

tt"btf5:?<ft*. BflB3 0nmBtTO"b©ft*±#O7 0 



[0 0 5 1] #7-F«ffi£x*y-;W;:gft 
U iB#tttailior*CtKJ:0. *7- 

-T 5 «fc 5 Cflf 8& ftftffia UfeJ;t>. 

[0 0 5 2] EE 
». «ii**o*ffiT^iaM»K«©3a**1S l 2 

»U A-*>t/fa-^I2 6$Mt5 (01 
(a) ) . SJ**«Ott»tLTtt. #<J*^ 

>. jS'J*-#*-K #«K#U:tl/7-r>» 7:7 U 

[0 0 5 3] US>*h*&flfb-E\ ISy^l4 

ffi&©7J-#>-7"/^a.-7*l 6*^ft5XSy^ 1 4 
*^«f»Sl 2±fc»dc-r* (01 (b) ) . 

[0 0 54] fcfc, ±j*0«iS*fe©»l«K:*V»T. 
-^^7?^ H«SWfcWttrr*«AttBRETH:& 

7*ft*V-l«B« ft^7>K$-B-r. *y- 

F«S 0K*8#) £A£«*tttil!Bmft&SBk:m> 

[0 0 5 5] «fi35ftt©JB2HK*lr»Ttt, fi& 
6. 5 nm~2 0 nmoy^rl' h#**£4fia£rt 

ebt*. *k. u^m^^mm.-t^tmz. h 

e, Ar<SO^ffitt*X6KS«iaSrtK:»Xb. X£ 

ffiS^rt £ 20Torr~500Torr, S£ L < « 
IS 5 0 0 T o r r O^fittflXSHaCKirr*. 
[0 0 5 6] fcfc, ifyyy^ hfiMCfflSU JgJnBS 

^7 7 7-r h#oBB*#»a*«-*, 58»fci 2 

±!Cj^£1ffffiS-eT#-#>:>-y3 i :i-7'JI2 6 £J£ 
jfcf* (01 (a) ) . BB©«rttlftfi : «. * 

-# y ^a-T^sswiEBB© 6 ab®s& o ft* 

6«/&3n. 6AB©ftJQft'0. 4 2 6nmSfcttO. 
7 3 8 ±5 

[0 0 5 7] Z\<nmz. 777.ffift*7-i7Mm?r^L:s/i 
J6©Sffi$:illS-r-5Ci:lCj;i3. 7J-#>^-y^i-7* 
fiBS3 0 nmHTitSCt^ttS, Sfc, 7 r n-tr 

tt«btf6"P<ft«, BS3 0nmKT©t>©«*^#©7 0 

[0 0 5 8] ^(C, l/-/7h?:iflT. IS'^14 
©U-f 77 MCft'oT, *-#>^-y?a-7'Ji2 6 «; 
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££8S1£1 2±tC^fiJt-r§ (01 (b) ) . 

[0059] f«cfc. A^g^rtT&^f^s-es^ 

KttftlfRkatt. S?t:-A, SffcHMt 
[0 0 6 0] 03 (a) . (b) «#?giM0SiJ©fti&© 

aacasajM&uiattftaaBtaaxaMK^rB 

BS»fBiaT*S. 10 

[0061] 03 (b) 0^©$n<, zonmommz 

v-ke*b 2 8 *»x»»ri 2±ice 
Rsnxt»4jST. Ei (b) H^oaffttiua^iiis 

gBtftft*. *V-FE«B2 8I4. Mo, Ta, 

w. c r . Ni. c u!g<Dmnmmfrt>m*mmi& 
a*©i&att*m-t», s i «0¥*#*m*&£*ttc 

[0 0 6 2] 03 (b) H^Ott^tttUS^aaSB 20 

ti, 01 (b) 0^<D«#MffiIJ#&ffigei:8Ua|igi; 

»ftT«a-r*ct««T*«. fib, miz&mvx®. 

[0 0 6 3] 5fe-r, 7/-H«ffi <&*B) Stf*V- 
h«® (jr*8b#) ta^sai «K*t»Ttt, *y- 
naa (jR*f5tt) A^»i$nfc*-#>tyfa- 

2±lCtt«&1-5mF(C, SJ»fil 2±C 

/^-=>*anfc*v-FEaa 2 8 * 
lt, *-#>^-y^a-^*ajfi©a<x»*«i 2 30 

±K«*&U 33**«1 2&tf*7-KE«B2 8±fc 
*-#>t;fa-^I2 6SMt5 (03 

(a) ) . ^(C, I$7^14©H7^H:foT, 

x = V 9 1 4**v-HE«a2 8±K»ar* (03 

(b) ) . 

[0064] *-#>^-y?i-y*it^^s 
ai 2±c*ftHs**a2aK*j^Ttt. s^sisi 2 
ftxaaasarticAftsiHH;:. ^xai 2±c:/i*- 40 
=>^anfc*v-HEaa2 8*ajs-r*. *lt. 

* V- h*B«a 2 8 ©#lrifcXJ**« 1 2 SXgfflaa 

*y-HE«a2 8±fca»*«fa$-tt, 

fa-^i2 6*»*t* (03 (a) ) . jflclc, IS 
1 4©U-f77 HCftoT. *-#>^/7 c a-y 
12 6$r'JV^7 7^S^jTA^-X>^L, 
-#>:J-/^a-7"l 6i^S5I5y^l 4**7- 
HE«a2 8±K#J5fc-r* (03 (b) ) . 
[0 0 6 5] 04 (a) ~ (c) (i*^W«DM(CgiJCD^ 50 



&aa&£*sajwua&&«gBes&xsisi:7i% 

[0 0 6 6] 0 4 (c) 0^<D*U<. dCDHifiO^SglC 

6^ir, a^*»wr«wtoT*saatt*aa3 2 

3&»E»S*lTV»«jftT, 01 (b) 0*©m#2£tB3!# 
RBgB&ft&S. %U3 2H:Mo, Ta, W, C 
r, Ni, Si, L a Bg , A 1 N, GaN, ^77 

•yk ^-f+tvHaoaattWtt^sa+ttKarifca 
ns. 

[0 0 6 7] 04 ( C ) H^oafftttuaftaaaa 
«. 01 (b) H^oaffttttis^ttaaa^afeRii; 

[0 0 6 8] »r. SuatCOiQ < , £8 1 2 ±K*- 
#>^-/?a-7®2 6*JgsKf-5 (04 (a) ) . # 

fc, *sLfc»att*mft±#a»6*«s-&«a>. ^ 
ufc«a»±#*»aufcaatt»»«t"ic«»a*. 5 

8S« 1 2 ±CD^ffitC«mtttf »a 3 4 JlfJtS. ^ 

©a, *-#>^-y^i-ycD±ic5feagi5rticsT^« 

S3 2AWtit2ftZ>£o\Z-TZ> (04 (b) ) . Z.Z\ 

t. aa±ii, ^a-7*caa*nfcaattw»tt, x 

a^o^fticcko, ^a-7*oa't'-c*att*m0«& 
**»±*-3TL*'5a^ i b*». 

[0 0 6 9] JfclC, 15^ 1 4CK 77 MCttoT 
U7^v7^ftffiT/1*-X>y£f7^. £&S«12 
£ft&aftkr «*Btt*mB 3 4 <D»#*»3rt- -5 

It, 1S»<7)*-^>-7-y^a-7"l 6*»S&*X5y* 
14*£#a«l 2±K»l*-r* (04 (c) ) . & 
U. /7a.-? 1 6 ttgBttttttB 3 4 fCfc 

o^»a«i 2±icuo3j>otH3esnsfc», 01 
(b) HsoaiSKtt^Tasv^ea-ea^fiJStt© 

[0 0 7 0] 05 (a) ~ (c) tt*»0j0»;:M©* 

a©aai;:a«Bftttua&&B&Bea&xaai;:*% 
■raawffiHT**. 

[0 0 7 1] 0 5 (c) 07K<D*n<. ^OHJfiO^SKC 

asafftttua^aaaaa, /r^-fi 

6rtC. tt^£»ffiTS;ii©-e££««tt3fc«!3 2 

*»EKanTir»*j*T. 03 (b) 07*©m#2*ms# 
aaaad:ftft«. 5t*i3 2«04 (a) ~ u> * 

«a3 2»i*V-HE«a2 8 H 

[0 0 7 2] 0 5 (c) 0*©«#l*ttSSftll1£&M 

a, 03 (b) iiiKoajrausft&B&B^&fefii; 
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[0073] 9t? . flji£©*n<, 3a9s«i2&«*v 

(H5 (a) ) . 5fcC. #»Ufc*«tt*m*±* 
tttW+CMte-tt, £&g«l 2±0£Bffc««tt*t 

3 4 £»js-f a. ^cois. *>—&y-yj : f-zL--J<n 
£i:5fcttiiMK^Ji3 2a»»i*an« (05 

(b) ) . JfclC, 1$ y ^ 1 4©U"f 7"7 ot. 

ta»»»-r**«tt»»ji3 4o*»*»*-r-Bt* io 

1 4**V-FE«I12 8±lC»J«r* (05 

(c) ) . 

[0 0 7 4] 04 (a) - (c) &tf05 (a) 

~ (c) HjS©3S*©#»e*HT. J^*fil2©« 
S 3 2 ©»«tt»fttO«*tt*»fi»t**«fc 

/7-a-7ftXflfS«i 2±C0H&-r*Mfl!>IMHii#K» 

fi£LTfc,fcV>. £©*§£, 20 

ttl«Wi#ltaftfc*UB®*-#>f >^a-7*** 

[0 0 7 5] *V-l*BiRJB2 8&U%»J13 2SWT 
505 (c) 0*©»|ji«. 06 (a) ~ (d) \Z5ht 

(a) ~ (d) ®7fi<D®&1smt. 77-F«« (tt* 
iH) fttf*y-F«I ORfttttt) €fflV»*WS*tt© 30 
fSlflftJ&JSUfc'bOT. *<0*3fc«rs. 

[0 0 7 6] 5feT, *y-F*« 
*t) 4 2±CK**«ftilS*T*-#>^-y5 t a-'^Ji 

2 6 5Mt5 (0 6 (a) ) o #y— Fttffi 

5^-7*® 2 6$, mmvt%i<o&i$.®mm 4 4 cmtw- 



-5 (06 (b) ) o uCT, 



l4 4<D*mtL 



7**nifl/>, #U*-#*-K #Hft*'J*U 
7*>, 7^U;U*«tlS, X#*->*ttIB*ffl^4Ct 40 

[0 0 7 7] 4 4 £&*|LT:£}$a« 1 2 t 

A-*>t/fi-^I2 6A^*y-h-Sg 

4 2*«nt. rots- *-^>^-y^i- 

7*JB 2 6 S#y- F*« (ttftffitt) 4 2 *»6X»»S 
1 2±Cte^"T4. 

[0 0 7 8] #»Lfc»«tt»»ft±**»Sitai 

3t»»«i 2±ic»j*-r*. *-#>^y^a. so 



-y©±CifeJB»l*UC*Tjfc«JB3 2«»*iaEan* (0 
6 (c) ) . JfcK, U5?Xh*Mfl,T, IS'^14 
©U"f 7-7 MCflfoT. #-#>7V^a-7*J12 6S 

T«. dOWCLT. Iia^-#>t/fa-7"16 
a»5fc«X5y*l 4**y-FE*JB2 8±C»Jifi-r 
5 (06 (d) ) o 

[0 0 7 9] _hiIi©$D<, 06 (a) ~ (d) 0^©£! 
iS#ftfc«fcntf. **H3 2t*y-HE*«2 8d:tt 

[0 0 8 0] 07 (a) . (b) tt, *58^©H 

m&iSr®0-c<&&. ;m&©£tt©j*ttr&. 

^i-^Kttx* 77-l/>l 7 SfflViTXS '^14 
*»J«bfcCtft»«tr5. 07 (a) , (b) tt. 
**01 (b) Rtf03 (b) 0^©«ig£*h£;-f5. 
[0 0 8 1] 77-U>tt*-#>^-y^3.-^i:lli; 
<£*©H**T, S+ttKliHR©*)©-?**. 

5. 7 9-U>©S*Stt, 0 2 (c) 07P©$O<. IK 
£©6flS3£5»Sl£T8fi££tt*:C 60 T;&9. *©|t 
SteiftO. 7nmT$>£. C 60 tt> iE2 0ffi#©12)H 

T#^>WS2 0ffi#: (H«ti£3 2Stt) ©HA©£T 

[0 0 8 2] Ceo^fd, MS*56 0il9^»7 
7— 0il^.tfC7o. C76» Cg2, Cg 4 . CgQ, 

C96< -> C 24 0 « c 540 » c 720 «***Kttfc*l8K 
SETS. flU iS*77-W>tt. Jf-f 
F+V = E+2 <F:*A»OflC. V : M£©ft, E: 
#aj&©2!©ft) , &tfp = s + 1 2 (p : 5MSt© 
ft. s : 7*8i©ft) **fcU I^fftlUt 

[0 0 8 3] £ifc. 77-W>©F*3gEtt*£T&5£: 
ifi5^C77-U>© I t'tC<S^77-U>^5*a€©<k 

•5 \zfim h ■=> s o tz*~* >mm 7 7 - v ytmft. u 
rn5nx-/v77-i^>tff«n5. x-A-77 

-l>>\Z&[fZ>&mffl<Dtem\tO. 34 1nmt45. 

C 540 ©1 3 ICC240 * ? A0, MIC-?-©tplCC 6 o 
*iA-pfe7 7-^>liC 6 o@C 2 40 ©C540 TSSn 

\tm i ?tfW&£.t\tz\H&.7 ?-Vy~nh% Z. iSr^T. 
[0 0 8 4] 77-l/Xt ^©t^OrtSSi'^ 

>©0!ira, La@C 60 . La@C 76 . La@C 84 , La 
2 @C 80 , Y 2 @C 84 , Sc 3 @C 8 2^T^S. SIC, 

[0 0 8 5] 75-UM4. ^777-f h(C«UTl^- 
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5 C t \Z J; 0 MS? 5 w £ * a. 
[0 0 8 6] 07 (a) . (b) B^OttfftttUSttlft 

ffigBtt, **01 (a) , (b) RtfH3 (a) . 
(b) fcfcMUTifi^fcBa^ftSJSfllUTSiBT*;: 

[0 0 8 7] »j£OJBfi3EFtt©*l«4«:«-r5 
«£tt. 5feT. 77-U>l 7 £^#giJ&BlS!RtfiKII 

u ^nsini. m», i io 

2 ±* 1 2 Rtf * V- FEftff 2 8 ±Cft 

*V-FE*Ji2 8©#lr>fc£#S*l 2««*«tti 

* 1 4*S»»fil 4*l»tt*V-HE«12 8±C» 
J3rt"**lfc 20 

[0 0 88] *fc. 04 (a) ~ (c) Rt/05 (a) 
~ (c) H5":©»<. *«tt#ttJI3 4£jgt>«£. 7 
7 «$Kfifi 1 4*lstt*y- FEM 2 8 

(a) ~ (d) 0^®§a3g#i££(£ffl-rntf, 77^- 

> 1 7 & 1 4 ±(re^r « c t*< 

[0089] 08 (a) ~ (c) tt*389"©E£»J©£ 

-T«l!SS»fffi0T*^. 30 

[0 0 9 0] 08 (c) 0Sc©$D<, CKOHifiOJBSilC 
«*«5?tttiJl!^^ffiSM«. 03 (b) &*©*££ 
in*.T> i««lS12±C. 2£tf-LTEiaS 
tilt, W«foW«tt»»*»6&69lfflUMW%y-h 

«S5 4^*-rs. y-h«®5 4«, *-#>t-/^ 

3.-7*1 6*^515 7^ 1 4K^UTraRH&*5HT 

[0 0 9 1] 0 8 (c) H*©tt#tttti'g&l!*S£ntt 
*© J:3fc7JftK «fc DKifi-rs - fc**TS*. 

[0 0 9 2] fcl*. 3E»««1 2±K/^- = >^Sn 40 
fc*V-FEM2 8*»J*TS. Mifi©»<. *v- 
FE*SB2 8tt, Mo, Ta, W, Cr, Ni, Cut 

12I1 HyT,. 5£, £l«*l|g«©tt»tt*m*. S 

[0 0 9 3] £&gffil 2fttf#V-FE*IS2 

8±lCSi0 2 . SiN»»e&5fiiB52*M 

B5 6£^fi£-f£ (08 (a) ) . tUM5 2fi. «*• 
K-AJK». 7./Vy^U>^te, *W4CVDi*CJ;»> 50 



[0 0 9 4] Uvy57-rftlRTlMI»5 2atf 

y-nmss5 6*/^-^>^u, y-h^S5 4& 

HanfcB3«5 8rtfc*V-HE«li2 8**gtiJL;fc# 
filttS (08 (b) ) . 

[0095] «®n*©±ii±£#K. wvsm 

5 8rt«»fC&<IHa5 5 8ftl;:t>;*J-;}*>7V^jL-7' 

*-^>7-y^i-7"H«. ?«n8L 

t;fa-7"iSA^-->yL, *V-TOI2 8 
±©^-lr*-5}*>^y^a.-7*l 6JSlTIi-^ 1 
4ZMfc?Z (08 (c) ) . 
[0 0 9 6] fciJ, **«©»ttl::*N»T, 

S. :©W, 0 8 (d) 07P0&K, I5'^14*t 
75-U>l 7A^&-5,&£&l<>T. -?-©«|jgRi;$8jg 
#i£©«g(i08 (a) ~ (c) *#ffiUTUi^bfcfc 
©tHttt&S. 
[0 0 9 7] 09 (a) ~ (c) (**^^OMlCgiJ<D|| 

-r«BS»fffi0T*?). 

[0098] 09 (c) 0*©an<. zonmnmrnz 

ffSftJMfcltiS&llfcffSB'b. 08 (c) 0S©«#» 

ttsi&MtffSft^iqttic. ^«a«i2±jc, «Mt6 

LiW^^-hiffi5 4^ft5. ua»u #£@ 
te, I* 1 4^^fiETS*-7j*>^y^i-7 r l 6 
#W#ttl;:l6l*R6 2 K*»a*n. bo***) £0££ 

nxviSAT. 0 8 (cv H*o-tni«a-r«. 

[0 0 9 9] 0 9 (c) 0*©tt#;j&tt)-g#|5|S8Bli 
*©£ o 1&smz «fc 0 KifiT* z. £*tT#*. 

[oioo] jt-r. 3d*sigi 2±fc/^-=>^sn 

tz.fl 7- FEfiff 2 8 £^f£-rs. "S»SS 1 2 

fttf* V - F E^S 2 8 ± C * - # >7- y a - 7"H * 

»jdE-r*. *-d*>^-y^3.-7")itt. ^»wHbfc* 

■ u. -e©Ji(c*-^>7-y5 1 i-7"*iI^aisi±* 
ctfcTts. jfcic. uvy77^lT*-*>ty 

^3.-7*«?:^^-->^b, *y-FE«»2 8±0 
*IC*-#>^-y fa-^l 6^SLTI5>^1 4£ 
^fiKT5 (09 (a) ) . 
[0 10 1] ^{C, ^a*©±ffi±±*lC, S i 
0 2 , S i N#^e>&**6»«6 2Sr, 15 1 4 CD 

ft«i*««njr *a*oj* a ic^^-rs. &<sti 6 2 «, 

«^tf-i»3Rj|t, lU^iiCVDSl: 
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yfLTHfSTSCfc'bT**. 0f*.H%ftJI6 2tfS 
i0 2 frefc^W^, dOX>y?>i/|CttA'7 7 7-H 

[0102] waa#©±B±£*icu5>3, bm 

fc»JC;LTJ6«i6 2 38»«ffl-r*«t'5CU3;^hJi6 4 

£/1*-->^-r5 (09 (b) ) . &J!lg#:© 

i^M6 2±c»rjfc©/^->©y-h«i5 4&#y- 

hE«*»-r^t**T** (09 (c) ) . 
[0 10 3] fcfc. 09 (b) HwOlSKfc^T, tfi 
*»»6 2*X5y^ 1 4©»SJ:D<bJP<»fifcU XS 
1 4fc»*T*«#KIH»6 6*»l*LTX3y* 

JftStt. 09 (d) HS© J: 3 fc £«><!:&*. y- 
i5 4!iI5 y^l 4©5fcJS«fc9t>±!;:&gU Ztlte 20 
5ltHL««£LTJf*b^E«<k&S. 
[0 10 4] Sfc, #*«©»t6C*HT. *-#>± 

5. £©*■&, iS7^i4*«77-k>i7*^?S;5 
£*I*V»T, -?-©8$ii&tf8!!ji#J£©«g«:09 (a) 
~ (d) fcWHUTKWUfcfeOiHaifc*. 
[0105] 010 (a) tt*8H©X£9J©£ff©K 

SgtC^SXSVi- * Dg«©-0JT<&£¥l£§JIi{ft** 
SB**-r»f®0TSS«, 
[0 1 0 6] 01 0 (a) 0^CDS^B«, 08 30 

(c) H;*0ttjram£$i^&a«¥ijfflLT£j£3n 

«. 010 (a) HjS©«K. y-hmffi5 4Sr«^T 
*V- FBttJI 2 8 S*Wtt-**ft©*V- h*7-f 
ft©15 7^ 1 4*»6^*X*y^»*i*V-H7'f > 

±tcEiasfts. 

[0 10 7] #7X£!©3£8£«1 2£»rtrr5J:'5K: 
#7*«©*tlflJ**7 2*»ER;Sft. P3S&12. 72 
IWfc*£tt*£IB7 3jWBJ«Sft*. PJS&12, 7 2 40 
W©IHIHtt. fflifl©7l/-AR^^— 9-7 4C«t0lt 

)t$ni>. nmm& 1 2 ta^r* 5#i6is& 7 2 ©®± 
Ktt. »«iiai%7y-Hti7 6t, mytfc 

S7 8 ttfEKSfta. 

[0108] c©¥«aia«*w*«c*«r»Ttt. y- 

-Mi5 4tZSyi' 1 4 <i:©ra©ttE?:tt*tC^5t 
T*ii:lC<fc0, B*©jftfffttfA*fc»RT*;:i:*< 



«fl^T**»rft©*ffi**f*"r* c tic j: Kinno z. 

[0109] **i'3©y-h9'f>t**i^©*y 
-^-f^wwsn, *4»f*©*ffi!Wt4snfc 

W, *©y-h5'f >t*y-H5-f >t©Xjfl[ir** 
X3v*#©*anttfM-*. X5v*»J:Dtttti3ftfc 
7/-K«ffi7 6KWta£ftfc®EEl;:«fc9 3|j5> 

n, a«snfcx5y^»c»i6Ufc(fl[«©a3t#ii7 
[0110] 010 (b) 0^©$n<, y-hm 

S5 4*fflt»rfc«*»«ft*J«1"*2:<t*«TffS. 0 

1 0 (b) 0*©S*gH«, 03 (b) 07*©«#ft 

[0111] c©sptRa!H««««jtic*iHTtt, y- 
h^octt*.. »ift»«7 2±©aws:7y-i«*ff 
8 2 **di-r4tift©7 y - k ?-r >jwkbhcjmt&# 

IfcCEJUSft*. ftoT, 7y-H5-f >t*y-K5 
-f >tSr^lxT#B*fC*lt57y-H«a8 2 <hX5 
•y^ 1 4 t©K©«E^ftSIC^T^CttCJ;0, H 

#©^iTfttfj««*a»i-r*ct3&»T#5. **i-3© 

7 7 - H 7 -f > t & * 1 n © * V - h* 5 -1" > <!: #S ft 3 
ft, **i?fJ£©*tt*«ft$-aftfcl3N -t©7/-l*7-f 
>t*y-H5-f>t ©&J&fc*« X 5 y *»©**<») 

[0 1 1 2] 01 0 (a) , (b) H*©**IS 

■a. *^08 (c) s^0 3 (b) Hw©*jMttfis 
UT»aaft**«. «©$*©»«. 

09x.«7 7-W->l 7*^&5li7^1 4 4^T«« 

■vf^SBCJ^fc. *iKSW«0.©*$v-fjro« 
[0 1 1 3] 01 1 (a) , (b) «*^W©M{rg"J© 
0 £ ^©SteiggB £*Tffi7C«EBS0T * * . 

[0114] z.<Dmfc<Dwmz&znzmBimftfemm 

■tt. 3£»*«112t. *V-HE»11 14ft^b 
T^Hf»«1 1 2±KEKSftfc« : f*ttWr*fca6© 

x = -y^ 1 1 5 t*#-rs. sis^ Hsu 
tttffli 1 1 6 ©-«a>s&awftttia« 1 1 8 1. s» 

mttOSPl 1 8©5fe«g|5tCgl5»WtClliS$ftfcttS!c©* 
-^yt/fa-^l 2 2 <b£*-f £. 15 1 1 5 
tt, «ff»Wl!»»ff»B©ffli4i:*i;T. (0T 
ttl"3©***-f) «1<«WJ^IS1 1 2±K 
E»Sft*. 

[0 115] S8S«1 1 2tt/W U-y^^^7XH© 
«*tt*W*»S£«. * V- KEtRJi 1 1 4tt I TO® 



1 1 6-RXmWaHbMl 1 8li, Mo, Ta, W» C 
r, Si, Ni. L aBg , A1N, GaN, ^7? 

n^o *tttttffijll 1 6£fflHT#7-FgE«l£^fiE 

si 1 2±i:ittt«mtttmjii i eim&zti&zt 
tin. 

[0 116] *-Jt?>t/fi-yi 2 2tt. 02 
(a) . (b) ftMIUTBMIJLfcJi'SK:. S*WlC^ 

*o6*aoaweo^a-y*»s«j«an*. 10 

t/fa-/l 2 2«fi$*t3 nm~ 1 OjimT, -£ft 
S0 7OXtt±tt3OnmgTF0lM6ft:firt-*. 
>*/^a-7l 2 2 1 1 8£«ftttfttt 

mttflgSl 1 8±K*-#>:J-/^:x-7l 2 2tfttft 

[0 117] *-^>tyfa-yi 2 2te®ft|*3gBa< 

*sonfBttK»j«an*. l*»u <«T»ftH * 20 

-*>t;fa-^12 2|>i, #{C^i-y©5fe«gI5^ 

3fc£Jll 2 4(1 Mo, Ta, W, C r, S 
i. Ni. LaB 6 , A 1 N, GaN, h, 

mi 1 1 &x.vmn&th®i 1 8<bl3-*mA>s^firf 
s£<ht>8lJ©#!|6^fr6^t-£;r<h i &T#£. 

[0 118] ±BfiWI-0*-#>^yf l a-^l 2 2© 
[0 1 1 9] 01 3 (a) ~ (f) (Jill (a) 0^ 

[0 12 0] 5feT, m*.\$M63i1i*t > 1Z&&1A<DK9m 
JSCft»*5fe6-B:fc|!D«*»J«-r*. CCfcSftlHfflSft 
HMWa^ifciLT. ^Oip&S i ¥*SSIS1£©g7j 

[0 12 1] jfer. ^-^HSSt^SpST (1 0 
0) ^IIM«)S iJIUBAS&l 3 1±ICJPS0. 1 40 
wmCDS i 0 2 flMMUIl 3 2ft K5-f»fl:Slr«fcO» 
J*T*. SRK^bll 3 2±IC^v7>hft7.fcf>3 
- FffiKcfcO^frU l/yZhBl3 3*Mn (0 
13 (a) ) . 

[0 12 2] 7f?/tt«UT. VHJ 

lcEIISttttftftfla>nnffl 34, «*ttl/tmft© 
E*»BBP». ««fl6n*«t5t«3tt. S«^OfflSft 
Kb, k/7Hl33W-->^ff5. 
T, UvX Ml 33 ftvXi7 <h LT, NH 4 F • H F 
fi^SfcfcJ:?). S i0 2 m(DXy?>>f$:ftti.? (0 50 
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13 (b) ) . 

[0 12 3] l/^Ml3 3©im 30wt%ffl 
KOH*»ttftfflHTft35FttXy^>*ftfrt^ 
0. 7 lumOIHWl 3 5ftS i*ISiia*l 3 1±«; 
WfiLtZ. ^IC. NH 4 F •HFa^flMJEftfflViT. S 

i 0 2 ftfcHftM&rs. KOH*»«KJ;iJXy^> 
^SnSCtlCiO, IHlffil 3 5tt (1 1 1) fflj&>5& 
*4»iiCJ:»)«jeSft6)S»lf55y F©»tt£fc*. 

[0 12 4] IH»1 3 5*»»l«3ftfcS 

iWNMMKl 3 lWiy hBMfcftfciOJKWMfeU 
QflSB l 3 5 ft^tr£®lc S i o 2 ftMtfcfMMftjgtti, 
Tfcck^. S i 0 2 HM»{tlft>llft»)«r*CtKJ: 
9, H»l 3 5**g£LT»j£Stt*««tti&«©as 

[0 12 5] JfcK. cgflSl 3 5W)ggPtC^-#>^-y5 1 
i-^1 3 6£Eg-f-5 (013 (c) ) . ICTH 
Iii£©*IK. 7/-F«« (ftXB) SO^V 

ftEpim-rs^ticto, *v-Hme*^»«i-r*<i:* 
s»ttftiHi«i 3 s^atua^a. lata*™*. 

Gas 1 3 5 Oi6SB(r*-#>^-y 7-3.-7 1 3 6 ftEB 

[0 12 6] HSU 3 SO&fflZiJ— $>i-;? 3.-7 
1 3 6ftES-rSgiJ©7Ji*i:bT, &£ 1 3 1 ©ffittK 
y77r-f h««fttttt. D3«l 3 50J8E*K*-#> 

•^-y^i-^ftWtli^-li-S^.hfcpI^Tfe-So £©« 

[0 12 7] ftfc, ETF©01 3 (d) -~ (f ) KfcU 

7\ 3 6©0^ft*BSLT*-5o 
[0 12 8] BflSl 3 5rtft*»4J:3fc:. S i 

tmfl 1 3 7 ft*«T5o smttTOS i3 7tt, case 

1 3 5*01»&n*t*C. IHIffil 3 5 6W-0«»'b- 
<$©ff£, W*tf2»mi&SJ:5K:»dJ-r4. 
[0 12 9] £©*«tt#»Jil 3 7©#I*CIRLT. 

ttft © * - # y 5 1 a - y*tiaffi: s ti/t ic a«« 
ttUffli 3 7#36£l;:Jl»ii*nfcn. tifoT, Sfi 
1 3 l*»6»liLfc», ^attfl«©5fe«tC*-#>^- 

[0 13 0JSJC, MttWHl3 7±C, I TO 
JR. Ta*©WttWHl 3 8ftHi;<^y3"J> 

(013 (d) ) . ftfc, i©^«tt«!|sf»l 3 8»4» 
«tttf»JBl 3 70tt*C«toTfi*<rt35«Trfr, ^ 



(12) 
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Ott&Ktt&t&ttttB 1 3 TlfitsV- F«ffiJI£&fc 

[0 13 1] X«P»tSta5. WMKJ13 0. 4 

tfinOA 1 HI 4 2Hi-hLtz/UUy^XiiyXm 

sosai mm) i 4 i ftjasrr a. -t lt, 0 i 3 

(e) KS1\f3K. ^7XMl4 1tS iWlS 
SI 3 1 ££&«tt*mjll 3 7, 1 3 8fcfl-r*«fc5 

*»Sfl:KiWs. io 

[0 13 2] &K. #5XX«1 4 lflOA 1114 
2£. HNO3 -CH 3 COOH • HFCDigSMTi 

7v>*^rit**J3SFSK (If l/>y75>: tfn*x3 
-)l : tT5v> : *= 7 5 c c : 1 2 g : 3mg : 10 
c c) TS im^ilSffii 3 i*i7f>yiST5. 
013 (f) K^T«fc?K, 

t/fa-^l 3 6 (HSttl*) SlXSttttCiSSl 4 3 

[0 13 3] fcU *-*>t;fa-^l 3 6flK£ 20 
«1124 (011 (b) #U) *E^-T-5«^tt, * 
4 3£«lti3-&fc«. ftSlfcWBtttm* 

3 6SrIH]gK 1 3 5 F*3 It EST Sift ©UK 
ffSK, JHSLfcW*tt*m*#-#:':f-/^:i-:7l 3 
6©±^?,«Q$-&i>^. *-#>±/? 1 i-y'l 3 
6 £ »■ U fcWttt *W«f Kfflft ^ It -5 H t K <fc 0 »dc 

f-S^tfcT^S. 30 

[0134] 113 (a) ~ (f) m*<Dmfej;m\zi. 

v&mzntzmi 1 (a) m^mntumm^^mm 

KiS^Ttt, 1 1 5©®mtttfbSKl 1 8 (01 

3 7?lit§'l 4 3T*§?k) «. IHgE 1 3 5^mmtLX 

smttdbasi 1 softttSKt*. $&©#- 

#>t/fa-^l 2 2 (013 (a) ~ (f ) T«?5F 

#1 3 6t^s) at. fl*#gjKg«tti"isgi 1 stems 

[0 13 5] A-/H>tyfa-^l 2 2£M 40 

ttfigfll 1 8©ifc*«**&*S<£Uiai*fcn*£tt. 
BD«1 3 5rtfc*-#>^-y^a-^*E««. OflgC 1 
3 5 ©«ffilCS i0 2 H*X/'?>>^U>y'ffiTlt*T 
5. *K, J»*JBT*fr5U t-^FSfiBSft, S 

i 0 2 H©#-£NH 4 F • HFfi^B*l:J:0l»S-r 

cntccto, Rfcsanfcs io 2 «©#£#. 
ttdbSBi 1 *>-frt><r>t>—&y-y j 3.-71 2 2©s£ffi 

[0 13 6] 01 2tt*X91Q£K9J®$tt0fflBKtt 



[0 13 7] 01 2 H*0%tt®&fitfH 1 1 (a) 0 
*0*MO*IBta&*j«tt. WtttttttJIl 1 6± 
K. IfiCHKl 2 6Sr^bT, W*©j»*tt»»*»6ft4 

y-Misi 2 8**ERan*;:£K»s. y-h«& 

12 8(1 157^115, BP*.#ttttfl^l 1 8fttf 
*-*>t;fi-^l 2 2#LTMW**V»T»fil-r 

[0138] 014 (a) ~ (h) «0 1 20^©«# 
»WSftl!fflS«©SHED*ft*IglllKwTIST*S. 

[0 1 3 9] ftr. 01 3 (a) . (b) . (c) £# 
S!LTa^;fcck5K, *-JUFSfi££*pa-e (10 
0) ISftBKMfcOS iJWSMRl 3 IK, (111) 

©HSU 3 5*»«tS. *K. tHJSC 1 3 5#M*tl 
its if^SSIi 3 1^^17 h&fcfeKiOfa&rt: 

l, Gflgc 1 3 5 ^o^sks i o 2 mmmmm 1 5 

1 *BfctZ>. C©B$. ii&&Jf 1 5 Hi. SS 1 3 1 © 
(111) ffi. IP*.. DOSS 1 3 5©flMK:fcl,>T/P£i® 
3 0nm8*£&S<fc3KT*. S i ^SSII© ( 1 0 

o) w\z&tt%mmfcm<Dm-z\t (hd ask**** 

m£t± 1 OXartT-arT*. SEoT. (100)® 

■co*fl:iMWiojsaa»6 din ffiT©»a^m« 
[0140] mmi 1 5 1 jg^. wim<D£ottjjm 

T, H8B1 3 5©fi«K#-#>±/^i-:/l 3 6* 
EB-ra (014 (a) ) . ft*. £TF©014 (b) 
~ (h) Kfc^Ttt. H&jhfi»!J*'-f *- 
#>t/fa-^l 3 6©0*$r#IlSUT*-5. 

[0141] &k. 013 (d) oiiiHttc. nagB 

1 3 5rt**»<5«fc'5K. S i *igSSS 1 3 1 ±l:W 

«©*«tt*ma»s&**«tt*mji 1 3 7 s*srr 

*. SK, illtfflll 3 7±K, I TOIffflit 

1 3 8*Hi;<x^y^u>^ttK«to»j«-r 

S (HI 4 (b) ) . 

[0 14 2] Sfcfc, 013 (e) ©ie£B«K. WB 
KJf£0. 4tfmOAlI14 2^a-Mfe/Hl/7 
£X#7 7.a« (JP3 lmm) 14 15, WBtttHMI 
1 3 7, 1 3 8Sfl-r*«fc'5KS i*BftS*l 3 IK 
S*fa (014 (c) ) . 

[0143] jfcK, 013 (f ) ©xetra*K, ^7 

XSffi 1 4 1 Wffi© A 11142tSi 1 3 

^^©^mttdbSC 1 5 2 S i 0 2 f»gfft*6^e 1 

5 l^sma-e-a. 

[0 14 4] *K, y-h«tttftSW«OJS«tt»» 

frztizmmvktmm 1 5 35. wa^o. s^mta 

*«t-5K, ^^y^U>^j£KJ:Olfi»il 5 1 ±K» 
fiKTa. -5-©^ 7*M/y7hOH5 3^t:>n 
-hftK«t0tt0. 9tfmg|, W6fll*>Klf7 5y h* 

©*«i**im5a«ow3Ka#T6 (014 



I 



(13) 



(e) ) . 

[0 14 5] Sid, m.n-?yX-?\Z&Z> K7^l7f> 
y*ffK lf7 5?KfteM«at0. 7/xm{at*^n.5J; 
■5tr, U-vT. hJIl 5 4£Xy?>>/m£?Z> (014 

(f) ) . Sl£Sttl'^->x-y^>i/lcJ;0. tf 
7Sy h'ft«iffi0*«tttmj| 1 5 3^X->?>yb, 
Mnffil 5 5£ffiM£T-5 (014 (g) ) . 

[0 14 6] l/yXhI15 4^£Lfc«, NH 4 F 

• HFjg£»tt«jBv»T, iuiji 1 5 1 zmvimzmz 

T5o r©&lCLT, 014 (h) (C^Tck^t, y- 10 

hmmtttzmmmmm 1 5 3<dmp8bi 5 si^t, 

*-#>^y?a-^l 3 6 (HS«r) Rtf»«ttfli 
8Bl 5 2£gffi3-&5. 
[0 1 4 7] 01 4 (a) ~ (h) 0^©§i(it*ffi!C t fc 

Ttt. 15-^11 5 OigmttdliSB 1 18 (014 
(a) ~ (h) TttWF^l 5 2T»*) tt, S i 0 2 & 

HMbJ&Rli 5 io»*cj:«)*«ifl:anfciHi»i 3 5 

W»«»*llfte?5yH»«ta5. SttttfiSCl 18 20 

1 4T«ff*i 3 6Tjg^) mttmzmm&ih® 1 

1 5, !P1i£«tti&SU 1 8Stf.*-*>t;fa-^ 
1 2 2©^ffilCti, y-httffil 2 8#PflR5£fcV>T;i 

[0 14 8] 01 5 tt*%wosfrgij©^igo^S8(-« 
SS#»tiiS^li?ffigacD5fe«a5S:^-ril2:^«t950Tfe 
ca$lK0»tt»u *-#>:*-/?3.--:/K:ft*.. 
77-l/>l 2 3 SraSttttOSB 1 1 8±lCEKUfc;i£ 30 

[0 14 9] 01 5 0*rofljjgte0 1 1 (a) Rtf01 

^ne»3gffl0!lO8!3g^ffi«, 013 
(a) ~ (f) Rtf014 (a) ~ (h) 0^<D8Si£2r 

1 3 (c) Rtf01 4 (a) mmO, G3*l 3 5©JggB 

#>^-y^i-^lCft^.T77-U-> 1 2 3€rSeMTS 40 

[0 15 0] 01 6 fS*«MOHt»J©*lS©»»J:fR 

7*T»rffi0T&£. 
[0151] 016 0^©^ggH> 0 1 2 0^©31 

iM*ais!»ft«s«*WfflUT}g*an4. 01 60* 

<Dta<, y-hmsi 2 8^«^Ts«Scroy-h7-f 



*. 

[0152] * 5X«03a*3lfi 1 1 2 tJtUltSJ; 5 
K#7*«©#l«i]8«l 7 2*»BK3fn, 1 1 

2, 1 7 2 ntCjt£lttt£M 1 7 3*«*jfcSflS. MS 

Si 1 2, 17 2fflOfflm\$, ftmo)7\s-ARZf*1 

— 9-i 7 4ic«to«i^$ns. ^Sfii 1 2<h*n6rf 

- h*«S 1 7 6 t. ftftftll 1 7 8 <!:a»EttSttS. 

[0153] c©TSSH«**8iiK:4Jt»Ttt. y- 

b 5 -f > t * V - h* 7 -i y t £ ft L X # Mi * I z 4s 5 y 

- httg 1 2 8 tI5 1 15 i:Wraomfl£5r«jtlC 

[0 154] *6 1"30y-h5-f >t**l"3©*y 

*©y-h5'f >t*V-H5-f >t©XjiHfc*6 

«^tt. 7/-H«Sl 7 6CBJH0Snfc«EK:J:»J3l 

1 7 8tC^tT^n«:^3tS-B--5. 
[0155] fc*, 0 1 6 0*©**g«tt> 0120 
*©«JMm£XHIMM«fqfflLT»jg£n«#. tt 
©SMWMR. 0Dx«77-U>l 2 3*»6ft*X5y 
* 1 1 5«#-r««JMUSttttfi8**fflJ9Ufc*6 

[0156] eu. *»Bj>£^#©0jS[c*-rmi6©^ 

[0 15 7] 

*t»tt7 7-U>*ffl^iTX5y^S:JgJ5£-r-Sfc». 

[01] (a) , (b) tt*8!IJa$;K0*ttl;:fKS« 



(14) 

[02] (a) ~ (c) \*ii—$.>i-;?-3.-zrBia--7 

[0 3] (a) . (b) \t*%WWl<Dmffi<DMm\Z& 

0. 

[04] (a) ~ (c) ttmmvg.izmonmamm 

M0. 

[0 5] (a) ~ (c) \t*%W<D~g.\ZM(D%m(DBm 10 
®0. 

[0 6] (a) ~ <d) tt*^W©H(cgiJ©^ifi©^ 
90o 

[0 7] (a) , (b) tt, *%W<D%.\ZM<Dm 

M<D&mz&z%Ri&mMftfem&m*7K-rmteWim 

[0 8] (a) ~ (c) HttJgHOSCSyogMOflttt 

\z*&*xi&asftjaM»m*nxxw*\z*+m*m 20 

bb, (d) it-zo&mmzTH-rimmw®. 
[09] (a) ~ (c) \t*mw<om\zm<Dn&w&Wi 

B0, (d) tt-5-<D^!S0!|**T«lBS»riS0. 
[010] (a) . (b) tt, *56^<D5«CSijO 
^JSO^SUc^SXSv-f 4? DgB<Z>-0lT<&S¥«£! 

[011] (a) , (b) tt*8HeDXCiN®*K®J* 

jtawtw-riwcwiB. 30 

[012] *ftH®JEC9J0%K®»tt£fll&t*;ttttl 

S#l£&£B£*T«ffl8»rffi0. 
[01 3] (a) ~ (f) «01 1 (a) 0tScd«#» 

[014] (a) ~ (h) ttBl 2 B*®«JMftHiS!» 

l^ffigB«rS!igie«ilC^-rSlllS»rffi0. 
[015] *%^OSlcgiJ©HJfi©^lr^i.S#S!ttb 

mftmummo stasias £*T&**ffl§0. 

[016] *56W05CBI©**0»l8Kff4Jiav-f 

?ngB®-#lT&&¥ffiaBi&«^gB£^-r»rffi 40 
0. 

[017] (a) ~ (c) tt%*0«!MfctHi!&Bff£ 
««»jfilS«fc*-r»»»rBB. 

[«F^©RW] 
12-£8»S 
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1 4-1'^^ 

1 7-77-l/> 

1 hv-h 

2 6-*-#>7-y^n.-^i 

2 8-*y-HE«B 

3 2 -ftWJI 

3 4-ittttmi 

4 6 

5 2-temm 

5 4-y-h«ai 

6 2 -faaui 

7 2-**fflS£ 

7 3-*2Stt«SH 
7 4-7.^— s- 
7 6-7/- KM 

7 8-tiMMMi 

8 2-7/- H*B 

1 1 2 -aaras 

1 1 4-rtV-KEHB 

1 1 5-XS.yi? 

1 1 6 -mnmmm 

1 1 8 -Wtttdhtf 

1 2 2-A-#>t/fa-^ 
1 2 3-77-l/> 
1 2 4 --fettll 

1 2 6 -WMM 

1 2 8-y-Sttffi 

13 1-S iJttMMSK <*-;H**K) 
1 3 5---C38 

1 3 6-A-#>t;fi-7" 

137, 138 -mmmmm 
1 4 1 -^^xss 
l 5 1 -Kfc&OR 
1 5 3 -tlttWi 

1 5 4-1/yXKi 
1 5 5-B8PSS 
1 7 2-#lfi]»« 

1 7 3 -najsmgnii 

1 7 4 --X<— 9" 
1 7 6-7/-KWS 
1 7 8 -fltfttftti 
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[&MUQ] mm I 7*©2 0«J6fcJ:*BiE©a« 

[gBPIKft] 3f§7gBPimiK# 

CfgfrB] W-tfLl 3f£8fl 1 7B (2 0 0 1. 8. 1 7) 

i&mm) &mw- 1 o - 1 4 9 7 6 0 

[&MB] ¥fifcl0f£6£2B (1 9 9 8. 6. 2) 
M**] &Btt«F&« 10-1498 
[tiiSS#] #8¥9 - 2 4 9 0 9 6 
[Bftttlf#££7JiE] 

HOI J 1/304 
1/30 
9/02 

[F I] 
HOI J 1/30 F 
A 

9/02 B 



mma] ¥^12^9^256 (2000. 9. 2 

5) 20 
[^StifiE 1 ] 

B?*»lH"r*&a©X3v*i, SAftU MEXS 
[fflt#fl2] BEX3y**t«ft©7?--U>*fctt* 

^«««»«K«IE»«tti!!i»Kii»Snsct*1«St 40 
?SM$K3.l;:E£©«#;ttU$!*£ffgB. 

[M*«5] ffiE$&8*W£ttttBft>££*ttl::Jg& 

ans;ifcS4*«£rsB#m7i5A©'' v ***i*»Ke 

4 2 6 nm$fc«0. 7 3 8 nmOftSt©^*® 6 MS 

JH 1 755 5.0lrJm*>CE«0«JMftlHaJW!«i*«. 

[R*J*7] BE* —$•>■* y^-:7"©fig#3 On 



frCEftGXJM&tiJStt&ffgK. 

[WsfcJI8] BE*-#>:T/^s-:/©*a»*iSHK© 
5*53. 6*5S, 7 7 r-f H->-Mc«k 

o n i; snriri* c t t-r-sw*!! 1 715 7.©v> 
rn«^Ett©ttffiktiis?»Mess&ii. 

Ml** 9] ME*-tf>7V*a-7*rtKBtt3ti 

fc, « : P**mr*i:i:©T**ii«tt*«)i**«r 
*ct*»*tr««*m7ss8.©^rn*»KE«© 
BftttmsftttSBB. 

[»*J110] BEftttBtfMo. Ta, W. Cr, N 
i. Si, L a B6 , A1N, GaN, ^57r-f K 

Kjwfean* c sr&919 cEft©«fttt 

[B&11 1] «rE$«raw±KE«an 

7- l/>Sfctt*-#>t ; f a - ^Rtt« C t 

ttE£»«#£1fiBLTBEX3y*«fiBT4*!Stt 

BExSy^K»LTIWI»**^TERanfc5iaL« 
St, ttEx5y^tWE3iau«*t©fHflC*fcJ:0 

aKExsy^^sB^ftmana^tt. saB-rs 
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